Résumé -L'objectif de cette investigation est le comportement des atomes de Chrome dans un alliage de fer avec 5at.% Cr. Après une trempe solubilisante a 1150°C pendant une heure (les spécimens 'étant trempés dans l'eau), l'image FIM ne montrait qu'une région claire , mais après détrempe entre 450 à 650°C on pouvait observer des régions claires et sombres. Dans ces spécimens trempés il y avait de la microségrégation des atomes de Chromé : Dans les régions claires la concentration de Chrome était moins grande que la moyenne, tandis que dans les régions sombres elle était plus grande que la moyenne. La différence des concentrations de Chrome augmentait avec la température du recuit . Cependant il n'y a pas de microségrégation d'atomes de Chrome dans des spécimens de ferrite en solution solide refroidis lentement. Le rôle des dislocations dans la microségrégation d'atomes de Chrome est discutée enfin.
Abstract -The objective of this investigation is to clarify the behavior of chromium atoms in iron-5at.%chromiurn alloy. When the specimens were quenched after solution annealing at 1150°C for Ihr, FIM image was only a bright area, but when they were tempered from 450°C to 650 C, both bright areas and dark areas were observed in the FIM image. In these quenched specimens there was microsegregation of chromium atoms: In bright areas the chromium concentration was lower, and in dark areas it was higher than the average concentration. The difference of chromium concentrations became larger with increasing tempering temperature. However, there is no microsegregation of chromi-um atoms in slowly cooled solid slolution ferrite specimen. The role of dislocations in the microsegregation of chromium atoms was discussed then.
-INTRODUCTION
The mechanical properties of alloy steels are very sensitive to the alloying elements in steels, among which chromium is a fundamentel element.
And therefore it is one of the most important problems to clarify the behavior of chromium atoms in steels. In this investigation, the objective is to study on microsegregation in Fe -Cr alloy system for the fundamental understanding of chromium steels. Hitherto, in Fe -Cr system, 14-75at.%Cr alloys have been investigated and spinodal decomposition was observed [l-3] , but in this study 0-10at.%Cr alloys are of main interest because the phase diagram is still not clear. The alloy was treat treated and observed by the atom-probe (AP).
-EXPERIMENTAL PROCEDURE
The material_ used is iron-chromium alloy which was prepared from high purity materials by an arc-melting of constituents in a purified Ar atomosphere. The chemical composition is 5.59at.%Cr, 0.014at.%0, 0.028at.%C and iron is balanced.
Article published online by EDP Sciences and available at http://dx.doi.org/10.1051/jphyscol:1984967 A f t e r drawn 0.3mmb wires, t h e specimens were s o l u t i o n t r e a t e d a t 1150°C f o r I h r , then quenched i n t o water. The tempering was performed a t 150-650°C f o r I h r and t h e w i r e s w e r e w a t e r quenched. The o t h e r t r e a t m e n t was w a t e r q u e n c h i n g f r o m 6 5 0 '~ a f t e r s l o w c o o l i n g f r o m 1 150°C ( k e e p i n g f o r 1 hr). The f i e l d i o n m i c r o s c o p y (FIM) specimens were made b y e l e c t r o l y t i c p o l i s h i n g . F I N o b s e r v a t i o n was performed a t b o t h 80K and 20K, and Ne gas was used f o r imaging. The atom-probe m i c r o a n a l y s i s was performed a t 20K under Ne gas atornosphere.
-EXPERILIENTAL RESULTS AND DISCUSSION
I n Fig.1 , t h e t r a n s m i s s i o n e l e c t r o n m i c r o g r a p h s show m i c r o s t r u c t u r e s o f t h e specimens, (a) s o l u t i o n a n n e a l e d a t 1150°C f o r I h r and quenched, (b) t e m p e r e d a t 450°C f o r I h r and quenched and ( c ) t e m p e r e d a t 650°C f o r 1 h r and quenched. Those s t r u c t u r e s a r e a1 1 m a r t e n s i t e and a f t e r h e a t i n g a t 6 5 0 '~ m i c r o -p r e c i p i t a t e s were o b s e r v e d a l o n g t h e d i s l o c a t i o n l i n e . 
i o n s d e t e c t e d a r e p l o t t e d v e r s u s t o t a l i o n s evaporated i n (a), and t h e c o n c e n t r a t i o n o f chromium i o n s per e v e r y 40 evaporated i o n s a r e p l o t t e d v e r s u s number o f t o t a l d e t e c t e d i o n s i n (b)
and t h e a v e r a g e c o n c e n t r a t i o n o f chromium was 5.37 .at.Z which was t h e same as chemical analysis. F i g u r e 4 shows t h e same measurements as Fig.3 
f o r t h e specimens tempered a t 450°C. The b r i g h t a r e a s and d a r k a r e a s had t h e d i f f e r e n t c h r o m i u m c o n c e n t r a t i o n s . The c h r o m i u m c o n c e n t r a t i o n was 5.50at.Z f o r d a r k areas and 4.52at.Z f o r b r i g h t areas. F i g u r e 5 shows t h e r e s u l t s o f AP a n a l y s i s f o r t h e s p e c i m e n t e m p e r e d a t 650°C f o r I h r . I n t h i s case t h e d i

be corespondent t o t h e i r r e g u l a r i t y a t t h e s u r f a c e . On t h e f o r m a t i o n o f s u c h i r r e g u l a r i t y a t t h e s u r f a c e , t h e r e a r e t w o
The o t h e r i s p r e f e r e n t i a l e v a p o r a t i o n o f h i g h s t r e s s f i e l d o f d i s l o c a t i o n . I f we c o n s i d e r t h e d i f f u s i o n d i s t a n c e o f c h r o m i u m atoms, a b s o r p t i o n o f q u e n c h e d -i n v a c a n c i e s b y d i s l o c a t i o n w o u l d p r o d u c e t h e m i c r o s e g r e g a t i o n o f c h r o m i um atoms. Or o t h e r w i s e d i s l o c a t i o n p i p e d i f f u s i o n would a s s i s t t o f o r m chrolnium r i c h areas. Thus t h e r o l e o f d i s l o c a t i o n s i n m a r t e n s i t e s t r u c t u r e s i s c o n s i d e r e d t o be
m 1150°C. T h e r e f o r e t h e m i c r o s e g r e g a t i o n occurs o n l y when t h e s t r u c t u r e i s tempered m a r t e n s i t e i n which h i g h d i s l o c a t i o n d e n s i t y i s i n c l u d e d and a n n i h i l a t i o n o f excess vacancies occurs. T h i s r e s u l t s a l s o suggest t h e r o l e o f d i s l o c a t i o n i s v e r y i m p o r t a n t i n m i c r o s e g r e g a t i o n o f chromium atoms. Furthermore, i n phase diagram a t 400-600°C t h e s o l i d s o l u t i o n i s considered t o be stablevhowever t h e m i c r o s e g r e g a t i o n c o u l d become apparentry p o s s i b l e when t h e s o l i d s o l u t i o n i n c l u d e very h i g h i n t e r n a l energy due t o h i g h d i s l o c a t i o n density.
-SUMMARY
(1) A t l o w c o n c e n t r a t i o n o f chromium (5at.%), i n t h e specimens s o l u t i o n t r e a t e d and tempered, d a r k and b r i g h t areas were observed i n F I M images and m i c r o s e g r e g a t i o n of chromium atoms was d e t e c t e d b y t h e AP.
(2) B o t h a f t e r s o l u t i o n t r e a t m e n t and a f t e r s l o w c o o l i n g , o n l y b r i g h t a r e a was observed i n FIP4 images and no m i c r o s e g r e g a t i o n was d e t e c t e d b y t h e AP. 
